Abstract After the world witnessed groundbreaking early advances in assisted reproduction that utilized conventional in vitro fertilization in the human, more complex invasive techniques of oocyte and embryo manipulation were introduced to treat human subfertility. Amongst these were numerous micromanipulation techniques such as partial zona dissection (PZD; 1988), subzonal insemination (SUZI, 1988) and subsequently ICSI, which became the most powerful tool of assisted fertilization (1992). ICSI requires micromanipulation of both the male and the female gamete. Another important approach is laser-assisted opening of the zona pellucida at different stages of preimplantation development either; to assist hatching (1990) or to remove cells for preimplantation genetic diagnosis (1989), or fragments to restore the integrity of an embryo (1999). Sometimes even blastocysts considered for vitrification need further manipulation in order to artificially shrink the blastocoel which facilitates survival of expanded blastocyst (2002). Other methods for reproductive purposes, however, failed to gain acceptance in population, such as cytoplasm transfer (1997), nuclear transfer (1998) and cloning (1996), to name but a few.
Historical background
was the first to put extracorporeal fertilization and subsequent pregnancy in mammals into practice. In humans, however, it took another seven years until Edwards et al. (1966) published successful fertilization of a human oocyte. The first ever pregnancy conceived with assisted reproductive technologies (ART) in humans was achieved in Australia (De Kretzer et al., 1973) , although it resulted in an early miscarriage. After an ectopic pregnancy (Steptoe and Edwards, 1976) Steptoe and Edwards (1978) succeeded in a subsequent attempt to generate an offspring from in vitro fertilized human eggs.
The birth of Louise Brown marked a turning point in IVF history since from this media event various groups all over the world took up the idea of in vitro fertilization. Simultaneous advances in culture media development and fertilization techniques resulted in more efficient methodology which helped to further increase the number and successes of IVF treatment cycles. During the first 10 years, cumulus-oocyte-complexes (COC) were treated with conventional IVF, meaning that a certain concentration of motile sperm was used to inseminate the COCs. When the husband was sub fertile, no ART was possible but this unsatisfactory state changed once embryologists devised micromanipulation methods to bring the sperm closer or into the ovum.
The Oocyte
By doing so, theoretically, less sperms should be required for fertilization, e.g. the presence of two pronuclei 18-20 hours after insemination. However, it has to be taken into consideration once the zona pellucida has been manipulated; its natural blocking mechanism against polyspermy (zona reaction) is not fully functional, (Wolf et al., 1997) since the zona protein 3 responsible for sperm binding may have been harmed by mechanical stimuli or laser pulses.
Partial zona dissection (PZD)
Indeed, first trials to bring sperms closer to the female gamete using partial zona dissection (PZD) resulted in rather high rates of polyspermy (20-26%) . PZD is a method using mechanical force to open the human zona pellucida in order to facilitate sperm penetration through artificial holes in the outer shell. Usage of sucrose to shrink the ooplasm helped to keep survival rate high and the fertilization rate acceptable (68%). Routine application of PZD showed that as much as 27% of all patients have to face total fertilization failure (Tucker et al., 1991) . In more detail, PZD was advantageous in oligozoospermic patients, but not in cases of asthenozoospermia, combined semen problems or immunological infertility . In addition, others (Tucker et al., 1991) failed to reach fertilization in cases of severe teratozoospermia. Vanderzwalmen et al. (1992) reported successful treatments in patients with a history of fertilization failure and/or severe sperm deficiency. They could achieve fertilization in 50% of cases. It has been suggested that PZD should be carried out in cases of sperm defects only when previous IVF attempts have failed (Terriou et al., 1993) .
Subzonal insemination (SUZI)
Once embryologists (Ng et al., 1988) tried to place less sperms directly into the perivitelline space, the so-called subzonal insemination (SUZI), the rate of polyspermy could be significantly reduced. Treatment of the spermatozoa (e.g. electroporation or pentoxyphylline) in order to make them acrosome-free further helped to increase the 2PN rate in patients with previous fertilization failure . In very poor cases, fertilization rates of 30% and pregnancy rates of 14% were observed (Wolf et al., 1992) . One study (Patrat et al., 1999) evaluated the obstetric and neonatal outcome of 50 pregnancies achieved with SUZI and obtained a 14% miscarriage rate and a 4.2% malformation rate which was considered as an insignificant increase (Van Steirteghem et al., 1994) . However despite SUZI, there were still couples with very low fertilization rates and some even with fertilization failures. Tarin (1995) found that SUZI was superior to PZD, however, direct injection of a spermatozoon into the cytoplasm (ICSI) is a more efficient assisted reproduction technique.
Intracytoplasmic sperm injection (ICSI)
Directly placing the sperm into the ooplasm is the ultimate manipulation technique since both gametes, male and female, have to be manipulated in order to achieve an optimal outcome.
ICSI has been described with success in animal models (Iritani, 1991) and has been applied even before 1992 on human oocytes, however, without any life births (Lanzendorf et al.,1988; Ng et al., 1991) . The publication of the first births after ICSI hyped up this technique and it became the most successful treatment ever for severe male infertility.
A lot of work has been done to optimize ICSI procedure (Van den Bergh et al., 1995; Vanderzwalmen et al., 1996; Carillo et al., 1998) . In summary, these studies describe two factors being of importance for the establishment of a successful ICSI-program: i. immobilization of the spermatozoon before injection, and ii. aspiration of a small amount of cytoplasm into the injection pipette. Immobilization of the male gamete has a beneficial effect because of two reasons. One, theoretically, motile sperms could cause certain damage to the cytoskeleton, second, the creation of a puncture in the oolemma allows a soluble oocyte-activating factor of sperm origin (phospholipase C zeta) gain immediate access to the ooplasm. Sperm immobilization can be performed in four different ways.
Mechanical immobilization (Gerris et al., 1995) using the injection pipette gave better results in terms of fertilization (60% vs. 36% in ICSI with motile sperm). Sometimes the angle of the ICSI-pipette is suboptimal, that does not allow the pressing of the sperm tail to the bottom of the ICSI-dish. In these cases repeated aspiration in and out the injection pipette has been proven to be useful to immobilize sperms. However, only 16% of the oocytes showed 2PN as compared to conventional mechanical breakage (90%) of the sperm membrane (Van den Bergh et al.,1995) . introduced laser assisted permeabilization into the field of assisted reproduction. The author's group used this mode of immobilization successfully as a routine basis. In detail, spermatozoa were immobilized with a non-contact 1.48 µm wavelenght diode laser using a double shot technique. Two successive laser irradiations were applied per spermatozoon, the first aimed near the middle of the tail (1.5mJ) and the second directly on the end of the tail (1.0 mJ). This strategy minimized the total energy dose spermatozoa were exposed to. In addition, laser shots were placed far from the head which made laser application for immobilization a presumably safe process. A fourth alternative is piezo electrical manipulation (Yanagida et al., 1999) . The same authors (Yanagida et al., 2001 ) demonstrated that the piezo method showed the most rapid onset of Ca 2+ oscillations of all techniques (except laser immobilization) and, thus, may have caused the most damage to the sperm membrane. The method of sperm immobilization may be important for the rapid release of sperm factors that initiate oocyte activation. This is in line with the work of Palermo et al. (1996) who found a more aggressive immobilization process in epididymal sperms helpful in order to increase fertilization rate from 48% to 82%.
Subsequently, at a magnification of x400 a single immobilised spermatozoon has to be injected. To perform ICSI, the oocyte is held in place with a holding pipette at the 9 o´clock position. The first polar body usually is located on the 6 or 12 o´clock position. As soon as the equatorial plane of the oocyte is focused the ICSI-pipette has to be pressed against the zona pellucida creating a characteristic funnel at 3 o´clock. After penetrating both the zona and the oolemma a small volume of cytoplasm should be aspirated into the glass micropipette to activate the oocyte. The single immotile spermatozoa should then be gently placed near the horizontal axis. Withdrawal has to be done carefully to prevent the oocyte from damage.
Placing the first polar body farthest from the path of the injection needle was thought to preserve the meiotic spindle, which is considered to be located in the periphery of the oocyte adjacent to the first polar body, from mechanical damage (Nagy et al.,1995) . It has been documented that due to the manipulation of the oocyte during mechanical denuding the first polar body is a rather inaccurate marker of the spindle position (Hardarson et al., 2000) and that it is almost impossible to harm the dense microtubule structure of the spindle apparatus.
This finding is further supported by data of Blake et al. (2000) who analyzed fertilization and embryo development resulting from varying distances between the injected sperm and the polar body associated with the presumed area of the spindle. Among the orientations examined in this paper, deposition of the sperm in the vicinity of a polar body at the 9 o'clock position resulted in significantly fewer normally fertilized oocytes and significantly more unfertilized and digynic oocytes. All other locations gave similar rates of fertilization and embryo qualities. (The use of integrated system for real-time spindle imaging for proper alignment of the chromosome and their distribution during meiotic divisions is worth mentioning ).
Since intracytoplasmic sperm injection is more invasive than other micromanipulation techniques, there is a higher risk of irreversible damage to the injected oocyte such as lysis and shrinkage of the oocyte. Most embryologists have experienced as they progressed on their learning curve with micromanipulation that a suboptimal injection technique may influence ICSI outcome, only few studies deal with degeneration of oocytes ).
Laser assisted ICSI
During ICSI different responses of the zona and the membrane to the injection pipette can be observed. In contrast to the normal response frequently demonstrated by the healthy oocyte, that is, the formation of a distinct injection funnel prior to rupture during microinjection, two rare breakage patterns are considered as abnormal (Palermo et al., 1996) . They are: (i). sudden rupture ( mostly encountered with post mature oocyte) without any invagination during injection and (ii). resistance to breakage characterized by delayed rupture of the oolemma (elastic oocyte) .
It has been shown that additional manipulation of MII oocytes that exhibits resistance to injection and oolemma breakage may cause an increase in degeneration rate . In order to avoid this scenario, a modified injection technique has been suggested (Nagy et al., 1995; combining a pressing and a sucking phase, thus keeping the oocyte survival rate at an acceptable level. (Also changing the angle of the needle during oocyte penetration ).
Recently, an alternative laser-assisted intracytoplasmic sperm injection has been suggested (Rienzi et al., 2001 ) and successfully applied to patients with diminished oocyte survival in previous cycles (Rienzi et al., 2001; Nagy et al., 2002) . This method involves injection of the oocyte through a laser-created hole (5-10µm) in the zona pellucida which facilitates penetration of all anatomical structures. As a consequence, oocyte survival is increased significantly, as demonstrated in a larger number of cases .
However, none of the above mentioned studies took into account a major problem of laserassisted ICSI, namely the impossibility to localize the laser generated hole at later developmental stages . This phenomenon is particularly evident at the blastocyst stage when the embryo expands and the zona pellucida gets thinner prior to the hatching. Thus, if assisted hatching is applied in such embryos, as recommended for embryos derived from oocytes that exhibited resistance to penetration of the oolemma during microinijection , the additional opening created might impair the hatching process and/or result in monozygotic twinning (Schieve et al., 2000) .
In order to prevent this scenario, Moser et al. (2004) decided not to perform ICSI through the usual opening created by the injection pipette but through an area of the zona pellucida on which laser zona thinning (Blake et al., 2001) was applied. This approach allowed the accurate location of the manipulated zona area at later developmental stages. In this way made it possible to combine two effects to maximum advantage, namely minimal mechanical stress to the oocyte during ICSI (e.g. increased oocyte survival) and assisted hatching.
Modified ICSI
The complexity of the fertilization process may explain its susceptibility to disturbances which may cause complete fertilization failure in spite of the presence of a presumably normal spermatozoon. The frequency of total fertilization failure cycles was reported to be up to 3%, (Moomjy et al., 1998 ) most of them being the result of impaired semen characteristics or very low oocyte numbers. In such cases repeated ICSI treatment proved useful (Moomjy et al., 1998) ; however, some patients will have to face repeated fertilization failure in spite of normal sperm parameters and good ovarian response. In order to rescue such cycles, Tesarik and coworkers (2002) reported a modified intracytoplasmic sperm injection technique mainly based on a repeated dislocation of central ooplasm to the periphery, thus increasing the intracellular concentration of free calcium by either creating an influx of calcium ions or a considerable release of calcium stored in cell organelles.
Taking into account a possible negative effect of this rather vigorous injection technique on further preimplantation development (Dumoulin et al., 2001) another modified ICSI version was developed, which is based on the hypothetical accumulation of highpolarized mitochondria, e.g. showing a high inner mitochondrial membrane potential ΔΨm (47), from pericortical regions (9 o´clock) to the center of the oocyte; thus, theoretically, supplying more energy (ATP) directly to the place where the spermatozoon was deposited. This procedure enabled aggregation of mitochondria patterns that corresponded well to the light-microscopical appearance of the oocyte (Wilding et al., 2001) . In 17 cases of complete fertilization failure after ICSI, Ebner and coworkers ) achieved a 54% fertilization rate and a 33% clinical pregnancy rate, respectively. However, it must be emphasized that the positive effect of our modified ICSI in patients with failed fertilization after standard ICSI, could not be demonstrated in patients without this problem because fertilization rate and further development were comparable . This implies that a minimum baseline of functionally active mitochondria must have been present in oocytes without impaired fertilization (Barritt et al., 2002) . More recently, an another modified ICSI technique was suggested (Baltaci et al., 2009) , that increased the efficacy of ICSI by piezoelectrical activation. In 50 patients with more than one previous total fertilization failure after ICSI, as much as 48% oocytes could be fertilized resulting in a 44% clinical pregnancy rate.
Hemizona Assay
The Hemizona assay involves the dissection of the zona pellucida into two identical halves. These matching halves of the zona pellucida can serve as internal controls in a functional bioassay to test actual binding and fertilization competence of human spermatozoa (Burkman et al., 1988) . Initially, zona drilling was done by use of microblades or manual bisection; both of which had their technical limitations, e.g. predisposition of special holding pipettes or unequal splitting. Using a laser, (e.g. operating with a 1.48 μm wavelength) hemizona generation might be facilitated by dissecting the zona with approximately 20 laser pulses each for a duration of 20 ms (Schopper et al., 1999) . The laser shots have to be applied tangentially resulting in a ring-like continuous ablation. After complete removal of the equatorial zona the gamete has to be turned by 90˚ followed by gentle separation of both halves using two conventional holding pipettes . Most importantly, laser application did not impair sperm binding characteristics.
Zygote stage
On day 1 of preimplantation development a regularly fertilized oocyte is characterized by the presence of two pronuclei in the centre of the ooplasm and two polar bodies in the perivitelline space. The most evident micromanipulation technique at this stage would of course be polar body biopsy in order to analyze the genetic constitution of the female gamete. However, since this is part of another chapter it will not be addressed here.
Enucleation of the pronucleus
The only technique applicable to a zygote is enucleation of one nucleus in case of polyspermic fertilization (Rawlins et al., 1988) . This unwanted state of human oocytes in vitro produces genetically abnormal embryos whose replacement in utero represents a potential obstetrical risk. Microsurgical removal of extra male pronuclei offers the possibility of restoration of normal ploidy in such zygotes. In order to improve survival cytoskeletal relaxing agents, such as cytochalasin B, can be used to assist pronuclear removal, but survival still remains poor (Gordon et al., 1989; . Ivakhnenko et al. (2000) noticed that in the absence of cytoskeletal inhibitors, the plasma membrane of the zygotes is sufficiently elastic to envelop the pronucleus during the removal without disruption. Experience (Kattera and Chen, 2003) showed that to perform a successful enucleation, the right microtool must be used; optimum suction pressure in the aspiration pipette must be maintained to aspirate the pronuclei gently and slowly, and the aspiration pipette must be withdrawn slowly. The pronuclei must be clearly seen delineated by a nuclear membrane, without any overlapping.
It is of particular importance that the additional male pronucleus is identified correctly. Identification of extra male pronuclei for removal from polypronuclear zygotes so far has been based on their slightly larger size and location further away from the polar body than female pronuclei (Payne et al., 1997) . As more than one functional centrosome (or sperm) may result in multipolar spindles and abnormal embryo development, it is essential that the extra paternal centrosome is removed from tripronuclear zygotes together with the extra male pronucleus. As the centrosome is closely associated with the pronucleus, aspiration of a small amount (2pl) of cytoplasm may be adequate to remove the centrosome (Kattera and Chen, 2003) . Healthy offspring have been reported following such a manoeuvre (Kattera and Chen, 2003) .
Cleavage stage
At cleavage stage (days 2-4) the size of the perivitelline space becomes larger, allowing for a safer manipulation of the embryos. Two major applications are discussed in literature. Blastomere biopsy on day 3 shall be discussed elsewhere in this issue. The focus of the present review is on assisted hatching.
Assisted hatching
Since the embryo has to leave the zona pellucida as a prerequisite for successful implantation, any change in the structure of the zona pellucida will impair the hatching process. Regardless of whether the dimension and consistency of the outer shell are regular during in-vitro culture, it is essential the embryo has the potential to herniate and leave the zona pellucida on day 5 or 6 to avoid the risk of necrosis. If a possible impairment of the hatching process is suspected, the embryologists will perform assisted hatching by introducing a single artificial opening in the zona which was created either mechanically , chemically (Gordon and Talansky,1987) , enzymatically (Fong et al., 1998) , or with laser assistance (Tadir et al., 1991) .
Of these different approaches, the laser technique (particularly the diode laser) was found to be the easiest and fastest procedure (Balaban et al., 2002) . In their retrospective study of patients with bad prognosis, the clinical pregnancy rate per embryo transferred varied between 46.0% (acid Tyrode) and 49.3% (partial zona dissection) but this was not correlated to the hatching technique. The same observation was noted for the implantation rate. However, there is evidence from one prospective study of women of advanced age (Hsieh et al., 2002) which indicated that implantation rate (8.2% vs. 3.8%) as well as pregnancy rate (31.8% vs. 16.1%), after laser-assisted hatching is superior to the chemical method.
The clinical relevance of assisted hatching is still being debated (Primi et al., 2004) and comparison between studies is difficult because prospective randomized studies are rare and not all studies were properly controlled.
At the moment recurrent implantation failure is the only indication accepted for assisted hatching (Primi et al., 2004) .
In addition, individual techniques of hatching may cause divergences in the hatching process and in subsequent outcome (Ebner et al., 2005) . Schmoll et al. (2003) observed total hatching of the zona pellucida of embryos with very thick zonae resulted in immediate efflux of blastocoele fluid (including tiny fragments), leading to blastocyst shrinkage and a detectable increase in zona thickness. This phenomenon is obviously related to a drop in intracellular pressure, which was at its highest prior to the rupture of the zona. The question that arises is whether total hatching at earlier stages might impair natural increase of internal pressure during expansion which is a prerequisite for hatching?
Other workers (Baruffi et al., 2000) were inclined to partially disrupt the zona pellucida rather than to open it completely. Two possible advantages might occur, first, intracellular pressure could develop in a similar manner as in untreated embryos, provided that expansion of the embryo would not lead to a premature burst of the outer coat. Second, potential harm to the embryo is prevented if the inner layer of the zona pellucida is kept intact.
In an effort to prevent suboptimal hatching Blake et al. (2001) expanded the area of ablation up to approximately one quarter of the acellular matrix. This approach positively influenced initiation and completion of the hatching process in vitro. Not a single blastocyst in this study hatched from a site other than the artificially created opening.
Irrespective of which of the three methods were used for assisted hatching; a significant correlation between the size of the zona gap and the completion of the hatching process invitro was seen (Schmoll et al., 2003) , indictating that smaller openings trap the blastocyst.
Removal of detrimental structures
Once the zona pellucida is opened, access to the perivitelline space by micropipettes is facilitated, e.g. to remove cells for preimplantation genetic diagnosis or debris, the latter improves the morphology of the embryo.
It is speculated that in cases of moderate fragmentation, different temporal or spatial patterns of fragmentation have a more profound effect on the developmental fate of the embryo than the occurrence of fragments per se (Alikani et al., 1999 , Van blerkom et al., 2001 .
Fragment removal was first demonstrated by Alikani et al. (1999) as a means to rescue heavily fragmented embryos. Fragmentation in vitro is a common feature of cleavage-stage embryos and its removal may have two positive effects; first, spatial relationship within the embryo could be restored which is important for optimal subsequent cleavage of remaining blastomeres that may otherwise be impaired if fragments are situated in close proximity to the cleavage planes. Second, it was envisaged but not proven that secondary degeneration of intact blastomeres could be prevented after fragment removal (Sathananthan et al., 1990) .
The use of a diode laser would reduce this damage because the size of the opening can easily be fashioned to the actual dimension of the fragments. Nevertheless, problems could be anticipated if intact blastomeres are positioned between the fragments and the zona opening (Malter et al., 2001) .
A larger prospective study (Eftekhari-Yazdi et al., 2006) proved that microsurgical removal of all fragments at cleavage stage led to a higher rate of better quality blastocysts compared to untreated embryos.
Likewise the removal of necrotic blastomeres from cryopreserved embryos after thawing improved the quality of embryos and the pregnancy. The outcome was similar to intact frozen-thawed embryos. It was felt that the partially damaged embryos are not as viable as intact embryos (Van den Abeel et al., 1997) . Assuming that the poor implantation rates reported after transfer of cryopreserved embryos with one or even more necrotic blastomeres are likely to be caused by toxic metabolites from affected cells, total removal of this cellular debris might improve the developmental potential of the corresponding embryos . Rienzi et al (2002) performed aspiration of necrotic blastomeres through a 20μm laser-created zona opening using a 10μm micropipette. Defragmented embryos developed at a significantly higher cleavage rate (74.3%) by 18 hours of post-thaw culture as compared to thawed embryos without removal of necrotic areas (27.5%). Consequently, the observed benefit of removal of necrotic blastomeres on further development continued until implantation, as indicated by an obvious improvement in implantation rate (16.2% vs. 4.3%) and ongoing pregnancy rate (40.0% vs. 11.4%). However, technical problems may arise if more than two blastomeres located in different areas of the thawed embryo became necrotic .
It can be concluded that the developmental potential of partially damaged frozen and thawed embryos can be equivalent to fully intact embryos if the necrotic blastomeres are removed from the partially damaged embryos and only those of that showed post-thaw cleavage are selected for transfer (Rienzi et al., 2005; Liu et al., 2007) .
Blastocyst stage
Blastocyst stage is the only developmental stage where biopsy can be performed on nonembryonic cells. However, since trophectodermal biopsy is the topic of another review in this issue, this micromanipulation technique will not be addressed here. On the fifth day of development the only manipulation possible is the artificial shrinkage of the blastocoel.
Artificial shrinkage of blastocoel cavity
It has been shown that early blastocysts showed better survival than expanded/hatching blastocysts (Vanderzwalmen et al., 1999; Ebner et al., 2009) . Amongst the hypotheses that could explain the differences in the efficacy with which cryopreservation can be performed between different stages of embryo development is the structural difference between morula and blastocyst. Compared with early stage embryos, blastocysts and expanded blastocysts show a fluid-filled cavity, i.e. the blastocoele. A large proportion of the water content of embryos at the morula stage is present inside the cells, while in the case of blastocysts and expanded blastocysts the blastocoele contains the largest amount of water.
In order to improve the efficiency of vitrification of blastocysts and expanded blastocysts, Vanderzwalmen et al. (2002) suggested the reduction of the blastocoele by artificially removing the fluid, thus, decreasing ice crystal formation during cooling. In detail, these authors fixed the blastocyst with a holding pipette, placing the inner cell mass at the 12 or 6 o'clock position. An ICSI-pipette was then gently pushed through the cellular junction of the trophectoderm into the blastocoele cavity until it shrank. After removing the pipette, contraction of the blastocyst was usually observed after 30 s to 2 min. If shrinkage did not take place, the needle was re-introduced at the opposite pole of the ICM and a slit was made in the trophectoderm cells and the zona pellucida by rubbing the needle on the holding pipette. After puncturing the blastocoelic cavity, an increase in the survival rate from 20% to 71% was noted. The pregnancy rates were also improved (Vanderzwalmen et al.2002) after the artificial shrinkage (20.5%) compared with control intact blastocyst group (4.5%).
However, this method is invasive because it makes a hole in the zona and trophectoderm. On the other hand, Hiraoka et al. (2004) reported that the blastocoele of expanded blastocysts could be artificially collapsed by mechanical pipetting with a glass pipette slightly smaller in diameter than the blastocyst. By using this artificial shrinkage method before vitrification of human expanded blastocysts, these authors achieved a 91%survival rate after warming, a clinical pregnancy rate of 65% and an implantation rate of 61% after the transfer of vitrified blastocysts. This artificial shrinkage method is thought to be non-invasive and useful for vitrification of expanded blastocysts. Others (Mukaida et al., 2006 ) used a laser pulse to perform artificial shrinkage. The ICM should be located away from the targeted point of the laser pulse. One single laser pulse (200ms) aimed at the cellular junction of the trophectoderm creates a hole to induce collapsing of the blastocoelic cavity. The blastocoele of the expanded blastocyst shrinks immediately. Using this technique, it is no longer necessary to hold and locate the expanded blastocyst with a holding pipette connected to a micromanipulator. The laser technique makes the procedure simpler and more convenient.
Future Aspects
Apart from biopsy techniques at different stages of preimplantation development (n=3), a total of ten micromanipulation techniques were discussed. There are other techniques which are not mentioned here because they may constitute an intervention of the germ-line or may be ethically unacceptable.
Ooplasm transfer
Ooplasmic transplantation was performed based on the premise that ooplasmic components are compromised in some individuals (Cohen et al., 1997) . In theory, the transfer of small amounts of healthy ooplasm can correct such deficits, allowing for improved development and implantation. The technique is based on previous documented findings in experimental embryology that demonstrated that cytoplasmic manipulation in oocytes and early embryos is compatible with normal development. In principle, two possible approaches have been documented, electrofusion of a ooplasmic donor fragment and direct injection of a small amount of ooplasm from a donor oocyte (Cohen et al., 1998; Barritt et al., 2001a) . Transfer of small amounts of cytoplasm probably involves mRNAs, proteins and mitochondria, as well as other organelles and factors. Cytoplasmic transplantation has provoked considerable debate, since the mixing of human ooplasm from two different maternal sources generates mitochondrial heteroplasmy (of recipient and donor mitochondrial DNA) in the offspring (Barritt et al., 2001b) . Donor mtDNA has been detected in embryos, amniocytes, placenta and fetal blood cord (Barritt et al., 2000) .
However, cytoplasmic transfer from fertile donor oocytes or zygotes into compromised oocytes from patients with recurrent implantation failure after assisted reproduction has now led to the birth of nearly 30 healthy babies worldwide (Barritt et al., 2001a) .
Nuclear transfer
This method involves previous mechanical enucleation of donor and of recipient oocytes, followed by the introduction of a foreign oocyte cell nucleus into an enucleated oocyte (ooplast) by means of electrical (Cohen et al., 1998) , chemical or mechanical fusion techniques Tesarik et al., 2000) , or by direct injection of the nuclear material into the ooplast.
However, the application of electrofusion to human oocytes is hampered by the relative ease with which this procedure induces oocyte activation. Microfilament disrupting agents were frequently used in humans during the enucleation phase of these procedures to facilitate the manipulation. This is particularly essential for germinal vesicle stage oocytes that are more sensitive to micromanipulation than mature gametes (Tesarik et al., 2003) . Normal meiosis can occur after the transfer of a GV into an enucleated host oocyte (Zhang et al., 1999) . Viable human pregnancies have been reported (Zhang et al., 2003) .
However, in mice; over-expression of certain genes was observed, indicating that the epigenetic consequences after nucleus transfer need careful monitoring (Katagiri et al. 2004 ).
Cloning
Methods used for nuclear transfer in human oocytes were derived from animal cloning experiments which are the ultimate micromanipulation technique since the nucleus of a somatic cell is fused with an enucleated oocyte. Reprogramming is the key event of cloning that remains to be fully understood. A fully differentiated nucleus regains totipotency, i.e. the ability to govern embryonic development from the very beginning. In a few hours, its genome has to replace the joint function of that of the oocyte and spermatozoon. Campell et al. (1996) were the first to clone a sheep from a cultured cell line, however, it was the birth of "Dolly the sheep" which made news leading to considerable media coverage and debate worldwide (Wilmut et al., 1997) . In spite of the thousands of offspring born in various species during the past decade, the subcellular, molecular and biological mechanism of somatic cell nuclear transfer remains almost completely obscure. Embryologists are just amazed it can happenmaybe even more than other scientists and laymen (Vajta et al., 2007) . For reproductive purposes cloning will never gain full public acceptance, however, the use of somatic nucleus transfer for therapeutic means probably has a future, or at least offers great potential for curing numerous diseases.
